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NOTICE

This effort was accomplished for the purposes of illuminating problem
areas in the context of a total weapon system concept and assessing the
impact of different propulsion system design approaches upon the total air-
craft system weight and performance. It was performed as a thesis research
effort by AFIT students, and the resultant weapon system design conceptis the
product of the design constraints selected by the students. The influences of
two of these constraints, the fuselage volume alloted per crew member, and
the design wing loading are such that the resulting aircraft system size, weight,
and power requirements are considerably larger than those obtained during |
previous in-house studies or those reported by other competent investigators
examining similar mission requirements. Thus, it is important to note that the
design constraints, subsystem tradeoffs, aircraft configuration selection and
subsystem integration tasks were totally accomplished by the students and
are, therefore, not to be construed in any way as reflecting the opinion or
thinking of the Air Force or the Deputy for Development Planning. {
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APPENDIX A.4
AIRCRAFT

A.4.1 SAMPLE CALCULATIONS

Section 4 presented the method used in designing the nuclear powered aircraft. A
numerical example of calculations is now shown. The specifications are as follows:

a) GW = 2,000,000 Ibs
b) WIS = 60 Ibs/sq ft.
c) t/c = 0.18 at the wing root
d)A=04
e) R=9
) Runway length = 10,000 f*
g) Fuselage = 40 ft x 428 ft
h) C uax = 2 (Flaps)
_g i) C max = 1 (No flaps)

ﬂ i) & = 0.926

| k) LF =25

' l) 7a = allowable stress for 2024 aluminum

m) E¢c = modulus of elasticity in compression

Ec = 10.7 x 108 psi for 2024 aluminum
Ec = 29.0 x 10® psi for 4130 steel
n) Myac = bending moment at wing MAC
= 21,800,000 ft-1b

0) Pyac = shear load at wing MAC = 355,100 Ibs
pP) Pymac = height of beam envelope at wing MAC = 8.06 ft
q) ‘ymac = chordwise length of beam envelope at wing MAC = 34.15 ft

]

A.4.1.1 STRUCTURAL WEIGHT (SECTION 4.1.1):

By Eq. 4.1.1-1

i

! . 9.8 GW ]

'E Structural weight = [0.16 GW + (100/W/S)1" WIS Kye KmKa
i

' Kye= 0.86

Kg =095 (Ref.33, Ch. 2, p. 32)
‘ K, = 1.00

therefore: Structural Weight = 455,000 Ibs

A.4-1
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A.4.1.2 TAKEOFF THRUST (SECTION 4.1.2.1):
Takeoft distance = 10,000 ft
From Fig. 4.1.2.1-1, K = 430
Ciyo = 075 Cppay = 1.5
EQ. 4.1.2:1, K = (W/SHWIT)(1/C o)(Ver)
therefore: W/T = K C, ;o o /(W/S)
WIT =99
Available W/T = 8.91 (90% of W/T)
Takeoff thrust = 225,000 Ibs
A.4.1.3 CHEMICAL ENGINE WEIGHT (SECTION 4.1.2.2): The aircraft must have the capabii-
ity to complete takeoff if one chemical engine is lost during takeoff (Ref. 116, p. 13).
Use six 50,000 Ib thrust engines.

Eq. 4.1.2-2 Engine weight = EXP [ 11 (‘“'1”;;’9“ L=

Engine weight = 8,333 Ibs/engine
Total weight = 50,000 Ibs
A.4.1.4 CHEMICAL FUEL WEIGHT (SECTION 4.1.3): Fuel weight = 0.16 GW
Fuel weight = 320,000 lbs
A.4.1.5 FIXED EQUIPMENT WEIGHT (SECTION 4.1.4): Fixed equipment weight = 0.10 GW.
Fixed equipment weight = 200,000 Ibs

A.4.1.6 L/D CALCULATION (SECTION 4.1.5.1): Let aircraft speed = 350 kts (mission require-
ment) at 30,000 ft.

p = 0.00089 slugs/cu ft
V = 591 ft/sec

Sy = GW/(W/S) = 33,333 sq ft

A.4-2
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Eq. 4.1.5-3 C_~ 2 GW/(p S,y V?)
C,_ - 0.386
Eq. 4.1.5-6 F = 129 + 0.007 S,, + (0.0021)(Number of engines)(T/engine)°-’
From A.4.1.3: Six 50,000 Ib thrust engines required.
F = 387.
Eq. 4.1.5-5 C, = F/S,,
Cpp = 0.0116
EqQ.4.1.5-7Cp, = C %(m Ree)
Cp, = 0.00659
Cpc = 0.002 (Ref. 33, Ch. 2, p. 44)
Eq.4.1.5-4 C; = Cpp + Cp, + Cpe

Cp = 0.02019

1]
4
|
|
it
i
{

Eq. 4.1.52 LD = C /C,,

therefore: L/D = 19.12

A.4.1.7 NUCLEAR REACTOR SYSTEM WEIGHT (SECTION 4.1.5):

By Eq. 4.1.5-1: T = GW/(L/D) and Power = TV

From A.4.1.6: V = 581 ft/sec and L/D = 19.12

therefore: T = 105,000 Ibs

Power = 61,820,000 ft-lb/sec = 84 MW

o e A ae @ o TEE 8,

At 35% efficiency and 15% for additional power (Section 4.1.5.2)

Reactor power = (Power)(1/.35)(1.15)

Reactor power =-275.4 mw

From Figure 4.1.5.2-1 (Gas Reactor): Reactor system weighi = 603,000 ibs




A.4.1.8 PAYLOAD (SECTION 4.1.6):
Payload = GW - (Structural + Engine + Fuel + Fixed + Reactor)
therefure: Payload = 372,000 Ibs
A.4.1.9 TAKEOFF PERFORMANCE (SECTION 4.4.1):
By Eq.4.4.1-1V = (2GW/(p S; C o))"
Let p = 0.00231 Slugs/cu ft (1,000 ft field elevation)
Cimax =2 Cpyo = 15
V = 186 ft/sec = 110 kts
A.4.1.10 CLIMB PERFORMANCE (SECTION 4.4.2):
R/C = 600 fpm = 10 ft/sec (mission requirement) at sea level

p = 0.002378 slugs/cu ft; C, = 0.4 (angle of attack function)

GW R/C (p S; C)*$
By Eq. 4.4.2-2: T, = 2 GW)os

therefore: T, = 56,300 Ibs additional thrust required at sea level
At service ceiling of 40,000 ft: R/C = 100 fpm

p = 0.0005857 slugs/cu ft

By Eq. 4.4.2-2: TC = 4700 Ibs additional thrust required at service ceiling

A.4.1.11 CRUISE PERFORMANCE (SECTION 4.4.4):
Maximum L/D = 20.30 (determined by iteration of L/D equation over a range of V)

Cruise L/D = 0.8 Maximum L/D = 16.24 (Refs. 9 and 94)

By Eq. 4.1.5-1: Cruise thrust = GW/Cruise L/D

Cruise thrust = 123,000 ibs

By Eq. 4.4.4-1

GW { -t [ 1 - 4 (LDY ( DZPS: ;lz)c )]1/2}

P Sy LD (Cop + Cocl

A.4-4




p = 0.000890 slugs/cu ft (30,000 ft)

therefore: with data from A.4.1.6: V = 640 ft/sec = 379 kis

A.4.1.11.1 STALL SPEED/THRUST (SECTIONS 4.4.4.1 AND 4.4.4.2):

2 GW /2

By Eq. 44.1-1: V = ( p—s-T—CLM—Ax-

p = .000890 slugs/cu ft

VSTALL = 367 ft/sec = 217 kts

c
By Eq. 4.4.4-2: Stall UD = iaud

2
CLMAX
mARe

Cop + Cpc *+
Stall thrust = GW/(Stall L/D) = 115,600 Ibs
since required cruise thrust is greater than required stall thrust.
By Eq. 4.4.2-3: Total thrust = Climb thrust + MAX (Cruise thrust or Stall thrust)
therefore: Total thrust = 138,000 Ibs at 30,000 ft
A.4.1.11.2 MAXIMUM SPEED (SECTION 4.4.4.3):
L/D at Vyax = GW/T; = 14.49
therefore by Eq. 4.4.4-1 (above)
V = 777 ftisec = 460 kts = Mach 0.78
A.4.1.12 DESCENT PERFORMANCE (SECTION 4.4.5):

Maximum R/D = 8000 fpm (mission requirement)

By Eq. 4.4.5-2

E (F://D—L}D )

S. =
S pViCygsine

Cpg = 1 (Ref. 73, Ch. 13, p. 11)

V = 640 ft/sec, LID = 16.24 (From A.4.1.11)




Pl

f : & = 60° (Figure 4.4.5-1)
p = 0.000890 (30,000 ft)
therefore: Sy = 3321 sq ft of speed braxes
I A.4.1.13 LANDING PERFORM'ANCE (SECTION 4.4.6):

| By Eq. 4.4.6-1;

VI T
dso=L/D(5°T—TQ+50)

g

By Section A.4.1.6 with C ),y = 2: L/D = 10.50

By Eq. 4.4.1-1: Vg = [ 2 GW/(p S; Cppyax) | 12

Vgo = 166 ft/sec = 98 kts at 3000 ft field elevation
Vso = 1.3 V; Vyp = 115V

Vso = 216 ft/sec = 130 kts; VTD = 191 ft/sec = 113 kts

therefore: dso = 2184 ft

e

By Eq. 4.4.6-2:
Ground deceleration distance, d; = Vp?/2a
a = 6 ft/sec? (Ref. 33, Ch. 2, p. 14)
dg = 4378 ft
By Eq. 4.4.6-3: Landing field required = (dso + d)1.67

Landing field required = 10,960 ft

® 4 e canw. e

By Eq. 4.4.6-4: R/D at Touch down = V;,(50/dso)

therefore R/D at Touch down = 4.4 ft/sec = 262 fpm

A.4.1.14 AIRCRAFT TIRES (SECTION 4.3.7.1):

Minimum footprint = GW/250 psi = 8000 sq in

i A.4-6




With 56 x 16 tires with a 241 sq in footprint/tire

minimum footprint _ 44,

Number of tires =
footprint/tire

therefore use 36 tires
therefore: aircraft footprint = 8700 sq in

and aircraft pressure print = 230 psi

A.4.1.15 ‘ LANDING GEAR STRUT (SECTION 4.3.7.2):
By Eq. 4.3.7-1: Energy = Y2 m V2
By Eq. 4.3.7-2: m = (GW/g) = 62,112 Ib secft
V = Max R/D at Touch down = 500 fpm (Aircraft limitation)
therefore: Energy = 2,156,600 ft-lbs
with four main gear: Energy/Gear = 539,165 ft.-lbs

with Aluminum 7075 struts with 3 in. thick walls the allowable pressure =
1,800,000 Ibs/sq ft = 12,500 psi

By Eq. 4.3.7-3: Energy absorbed = Strut pressure change x strut volume change

or: Energy/Allowable pressure = Volume change

therefore: Volume change = 0.30 cu ft with a strut deflection of 2 ft, internal strut area

is 0.15 sq ft

with a triple oleo strut:

internal oleo diameter = 5.25 in.

s % v et e canwo amer b

outside oleo diameter = 11.25 in.

A.4.1.16 AIRCRAFT COMPONENT SIZE AND WEIGHT: An initial GC was located at 260 ft

from the canard aircraft nose with the use of structural component weight as a percent of total
structural weight as shown in Table A.4.1




TABLE A.4.1 COMPONENT WEIGHTS (REF. 33, CH.4, P. 41)

% OF STRUCTURE
COMPONENT WEIGHT LOCATION OF CG
WING 40.0 25% M. A. C.
FUSELAGE 30.6 40% OF FUSELAGE
TAIL 7.8 25% TAIL M. A. C.
NACELLE 5.6 40% OF NACELLE
LANDING GEAR 16.0 AT AIRCRAFT CG

Wing/Canard area:

By Eq.4.3.1-1: S, =
i ¢~ TgcdC

where: C ,, = wing lift coef.
C ¢ =canard lift coef. = C,,
dW = distance from wing quarter chord to CG
dC = distance from canard quarter cho'rd to CG
therefore: S, = 6683 sq ft

Both wing and canard have lift and total lift area required is 33,333 sq ft. Total available lift_
areais Sy + Sg.
Sw? )

therefore: reduce SW to: ( ey
w c

Sc Sw

and SC to: ( -S_w"'_sc—

therefore: S, = 27,800 sq ft; S, = 5600 sq ft

Vertical tail area:

0.5 DF Cpp. (dF? — dA?)
vT

By Eq- 4.3-1'2 SVT = C d
DVT

A.4-8
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where: Sy = vertical tail area
DF = fuselage diameter = 40 ft
Cpr = fuselage drag coefficient = 0.5
dF = distance fwd of CG
dA = distance aft of CG
Cpyr = vertical tail drag coef. = 0.91
dVT = distance from CG to vertical tail quarter cord

therefore: S, = 4,300 sq ft

Wing/canard planform:
By Eq. 4.3.4-2: Span, by, = (R S,) /2

! By Eq. 4.3.4-3

12
| -(+2,) (3%)
{! Root chord, CR = ( T o

By Eq. 4.3.4-4: Tip chord, C; =ACq

By Eq. 4.3.4-5:

MAC = 2/3 G, ( l%i—:f)

omoany S n e am——

) therefore; Wing Canard

! by (ft) 500 225

? Cp (ft) 79 35.6

' C; (ft) 31.6 14.2
MAG (ft) 58.7 26.5

Component weights: (Section 4.3.2)

0.584
By Eq. 4.3.2-6 Wing weight = 1624 ( WIS Sy LF by Sy )
wing root thickness x 10°

P e

Wing weight = 210,200 Ibs

A.4-9




. 4 By Eq. 4.3.2-7: Canard weight = 1624 ( WIS S LF b S¢ ) .
! canard root thickness x 10°
. Canard weight = 31,200 Ibs
By Eq. 4.3.2-3 Vertical tail weight = 1.197 (S,;)"2¢
i Vertical tail weight = 38,000 ibs
| By Eq. 4.3.2-4: Fuselage weight =

0.88

" ( length x LF ) 013
0.273'_ ( —r%igh—xt— ) (Qmax) ' (wetted area)'-% ]

V2 p V2 and V = 524 ft/sec at sea level

where: QM AX

326 Ib/sq ft

QMAX

. -

thus: Fuselage weight = 188,000 Ibs
By Eq. 4.3.2-5 Landing gear weight = 0.00916 (GW)!-124

Landing gear weight = 111,000 Ibs

A.4.1.17 AIRCRAFT WEIGHT AND BALANCE (SECTION 4.3.8.1): No chemical fuel will be
used in this example. The fuel may be used to shift the CG position if necessary. The
components weight moments are summed _about the aircraft nose so that:

@ v e came. ames o .

OG moraant arth = Sum of (component weights x moment arms)

total weight




'4 | therefore:

ITEM WEIGHT (Ibs)  LOCATION (ft) ~ MOMENT
ft-Ibs x 108

Wing : 210,200 300 63.06
‘ L Canard 31,200 60 1.87
Vert. Tail 38,000 360 13.68
} Fuselage 188,000 172 32.34
H Landing Gear 111,000 300 33.30
| Chemical Engines 50,000 300 15.00
| Fixed Equipment 200,000 75 15.00
i Nuclear Reactor 603,000 300 180.90
! Payload 372,000 200 74.40
! Total 1,803,400 429.21

Thus: CG at 238 ft from aircraft nose with no chemical fuel. Up to 196,600 Ibs of chemical
fuel may be carried by the aircraft. This results in a tradeoff between the payload
and chemical fuel weights and iteration of the aircraft design.

B e e hTwy TW .

P

A.4.1.18 WING SECTION PROPERTIES (SECTION 4.3.4.5): Section property calculations are
made at the wing station for the mean aerodynamic chord. The beam section area moment of
inertia is calculated from Eq. 4.3.4-8.

B )

, |- W) Mh (25 (21,800,000) (8.06)
i ~ " (2) (40,000) (144)

|‘ - 38.12 ft4

From Eqg. 4.3.4-9

i

: gnad 12|

1‘ ha = /3 \Aoes 12 (38.12)
|

T 3415
; = 7.99 ft

The beam cap thickness is calculated from Eq. 4.3.4-10

te = %2 (hy — hy) = M{_"-ﬂ= 0.035 ft = 0.42 in.

A.4-11
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The beam shear web thickness is calculated from Eq. 4.3.4-12

(LF)P  (2.5) (355,100)

W 2hyr,  (2)(7.99)(40,000) (144)

= 0.0096 ft = 0.115 in.

So set ty = 0.125 in.

A.4.1.19 RIB SPACING'CALCULATION (SECTION 4.3.4-6): The stiffener spacing, b, is found
from Eq. 4.3.4-13

cid KEq t2 )‘/’ _ [ 635 (107 X 10%) (0422

]1/2 .
TCeR r 40,000 =17.15in.

The rib spacing, a, is equal to the a/b ratio times b.
a=4b = (4) (17.15) = 68.6 in.

The number of ribs in the wing is found by dividing the wing span by the rib spacing.

by 4999 X 12
a 686

# ribs = = 87.4 ~ 87

A.4.1.20 DIVERGENCE SPEED: Divergence speed is found from Eq. 4.3.4-14. The matrices
[e] U}dyl. [e]and|W]are presented along with their matrix product. Elements of each matrix
are calculated at the six wing stations given as distances in ft from the aircraft centerline:

yr = 241.43
y2 = 216.46
ys = 176.74
ya = 124.98
ys = 64.69
ye= O
[c] = (33360 0 0 0 o© ft
0 38120 0 0 O
0O 045680 0 O
0 0 05540 0
0O 0 O 0 67.03 0
| 0 0o o0 o0 0 7935
1/} dy) = 11.52 1152 1152 1152 1152 0 | %,—
1152 635 635 635 635 0
1152 6.35 236 236 236 0
1152 635 236 85 .85 O
1152 635 236 .8 .26 O
. o o o o 0 0

A4-12
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le] = 818 0 0 © &
0O 54 0 0 0 O ft
0 0 59% 0 0 O©
O 0 O 65 0 0
0o o 0 & 7@ @
| 0 0o o o o 809]
(W] = 1694 0 0 0 0 0]
0 3272 0 0 0 0 ft
0 0 4627 0 0 0
0 0 0 5667 O 0
0 0 0 0 6321 0
0 0 0 0 0 32.72J
[cll/3-dyllelw] = | .0337 .0689 .1060 .1435 .1777 O | x 108
0385 .0434 0667 .0903 .1118 0
0462 .0520 .0207 .0403 .0498 O
0562 .0632 .0362 0175 .0217 O
0678 .0763 0436 .0212 .0081 O
o 0 0 0 0 0 _j

The eigenvalue, r, of the matrix product is 0.2934 x 10%. The divergence speed is found from Eq.
434-17.

2 (2) (4 X 108) (144)
(0.002378) (0.2934 X 10°) (4.94)

= 578 ft/sec at sea level
= 343 kts

A.4.1.21 REACTOR MOUNTING STRUCTURE: (SECTION 4.3.6): The design algorithm for
the largest column is given here. It has an axial g-loading of 10.61, so the compressive load is
(10.61) (800,000) = 8.488 x 10° Ibs and is 150 in. long. From equation 4.3.6-1 the cross
sectional area of the tube is

A= F/rcy = 8.488 X 10%/1.79 X 105 = 47.42 sq in.

The radius is given by Eq. 4.3.6-2

2w ‘/2_ 2 -4 ;
r=(22A)" =V Zwa2-nmnn

2
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The moment of inertia of the section is given by Eq. 4.3.6-3.

T

=4 = _71’ 4 iné4
| 25!‘ 25(13.74) 4773 in.

The radius of gyration is given by Eq. 4.3.6-4

p =V VA =\ 4773/47.42 = 9.71 in.

The effective length of the column is given by Eq. 4.3.6-6
¢ =K ¢=(0.7) (150) = 105 in.

The critical buckling stress is given by Eq. 4.3.6-5
Top = 179,000-27.95 ((/p)?

179,000-27.95 (105/9.71)2
= 175,000 psi

]

The critical cross sectional area is 48.50 sq in.

The thickness of the tube is 0.562 in.

The design algorithm for the vertical stiffened plate structure follows. The plate is 120 x 120in.
and carries 4 x 108 Ibs in compression and 8 x 108 Ibs in shear. The plate thickness required to
carry the shear load is

NIRRT ;|
S 12°’sy (120) (73 X 109)

= 0.913 in.

The plate thickness required to carry the compressive load is

L oo_Te . 4xi0e
¢ 1207, (120 (178 X 107

= 0.186 in.

The actual plate thickness required to carry the combined load is between 0.913 inches and
0.913 + 0.186 = 1.099 in. and is found by trial and error by selecting a thickness and then
checking to see if it satisfies the interaction Eq. 4.3.6-8

Lett = 1.05 in.

The working compressive stress is

F
(o 4 X 108 :
t = = = 31,750 psi
¢~ J20t  (120) (1.05) 2
The working shear stress is
F
S 8 X 108 ;
fo = = = 63,500 psi
s~320t  (120) (1.05) .




The critical buckling stresses are calculated using Eq. 4.3.6-10

ren = K E (D)

Teer = (6.35) (29.0 X 109) (1.05/24)2 = 352,000 psi
so set i ™ 179,000 psi

R ™ (8.00) (29.0 x 10°) (1.05/24)? = 444,100 psi
so set S 73.000 psi

The interaction Eq. 4.3.6-8 is

Rg'S + Ry < 1

('S/TSCR) 1.5 4 (fC/TCCR) <1

(63.500 1as i ( 31,750

73.000 179,000 / ~ 0989 <1

Therefore, a plate thickness of 1.05 in. will satisfactorily carry the combined load.

A.4.2 COMPUTER PROGRAM LOGIC CHARTS

A.4.2.1 AIRCRAFT PARAMETER LOGIC: The computer program inputs mission require-
ments and wing planform, iterates through the design method contained in Section 4, and
outputs resultant aircraft parameters. The program variables are shown in Figure A.4.2.1-1,
The program logic is shown in Figure A.4.2.1-2. The following symbols are used in the logic
diagram:

ALT Altitude (ft)

' AR Aspect ratio
g Cimax Maximum lift coefficient
:‘ dro Takeoff distance (ft)
i: Gw Aircraft gross weight (Ibs)
. K 1000
l‘ o Lift to drag ratio
g ouTt Output
i . RIC Rate of clirb (fpm)
E! t/c Thickness ratio
3 . v Velocity (ft/sec)
W/S Wing loading (lbs/sq fi)
WT Weight (ibs)

Taper ratio




INPUT

VARY

OUTPUT

i CRUISE SPEED

| CRUISE ALTITUDE
ASPECT RATIO

TAPER RATIO
THICKNESS RATIO
TAKEOFF DISTANCE
FUSELAGE AREA

MAX LIFT COEFFICIENT

GRGSS WEIGHT: 800,000 - 2,400,000 LBS
WING LOADING: 20 - 160 LB/SQ FT
ENGINE NUMBER: 2 - 10

REACTOR TYPE: GAS ar LIQ METAL
REACTOR NUMBER: 1 or 2

TAKEOFF: JP-4 or NUCLEAR

SPEED

ALTITUDE

PAYLOAD

STRUCTURE WEIGHT
ENGINE WEIGHT

CREW & MISC. WEIGHT
TAKEOFF THRUST
CRUISE POWER
REACTOR WEIGHT
OPTIMUM WING LOADING
WING AREA

Lo

o 4 m At e e e o

-

Figure A.4.2.1-1 Aircraft Design Parameters
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FUSELAGE
AREA
dro
w |
800K
20

\T/
B

V= 150

GW
out
w/s
ouT

e v it o g e b

®
®
® m

¢
®

Figure A.4.2.1-2. Aircraft Parameter Logic
(Page 1 of 5)
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. g

COMPUTE

TAKEOFF
THRUST

TAKEOFF
THRUST

;

COMPUTE
CHEMICAL
ENGINE
WT

¢

COMPUTE
CHEMICAL
FUEL
WT

Y

COMPUTE
FIXED
EQUIPMENT
WT

J

ouT

STORE
L/D

i

NO
AV V+25

FIND
MAXIMUM

MAXIMUM
L/D

L/D

Figure A.4.2.1-2. Aircraft Parameter Logic

(Page 2 of 5)
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COMPUTE
cLimB
THRUST

COMPUTE
CRUISE
\'

-

MAXIMUM
STALL/
CRUISE
THRUST

i

COMPUTE
CRUISE
THRUST

v

CRUISE

v

COMPUTE
STALL
v

i

COMPUTE
STALL
THRUST

¥

COMPUTE
TOTAL
THRUST

'

COMPUTE
MAXIMUM
v

TOTAL
THRUST

ouTt

>

i
©

MAXIMUM
Vv

Figure A.4.2.1-2. Aircraft Parameter Logic
(Page 3 of 5)
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e

R/C =
R/C- 625

< NUMBER

A

ALT =
ALT + 5K

CHANGE

REACTORS

CHANGE
TYPE
REACTORS

COMPUTE POWER
POWER
REQUIRED ouT
REACTOR i
r" SYSTEM b B
WT
COMPUTE PAYLOAD
PAYLOAD
ouT

Figure A.4.2.1-2. Aircraft Parameter Logic

(Page 4 of 5)
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w/s = NO
w/s + 20
YES

GW = NO GW =
GW + 400K 2,400K
YES

TERMINATE

Figure A.4.2.1-2, Aircraft Parameter Logic

(Page 5 of 5)

A.4.2.2 WING ANALYSIS LOGIC: The computer program performs most of the analysis of
Section 4.3.4. It takes the wing design criteria and calculates wing loads and section proper-
ties at several wing stations. The program variables are shown in Figure A.4.2.2-1. The
program logic is shown in Figure A.4.2.2-2.

INPUTS

OUTPUTS

LIFT OF THE WING, L
WING LOADING, W/S

ASPECT RATIO, R

TAPER RATIO, A

WING STATION SPACING, Ay

WING WEIGHT ESTIMATE, W,
LOAD FACTOR, LF

ALLOWABLE STRESS, 7

MINIMUM MATERIAL GAUGE, t gy

AT EACH WING STATION:
WING STATION, v;
WING BEAM LOADING, W,
SHEAR FORCE, P,
BENDING MOMENT, M,
HEIGHT OF BEAM ENVELOPE, hy;
CHORDWISE LENGTH OF BEAM ENVELOPE, (1;
AREA MOMENT OF INERTIA, I
BEAM CAP THICKNESS, t¢i
BEAM WEB THICKNESS, tw
LOCAL CHORD, C;
LOCAL TORQUE ARM, ¢;
TORSIONAL STIFFNESS, J;
INFLUENCE COEFFICIENT, ) Jdv),

BEAM CAP WEIGHT, W,
BEAM WEB WEIGHT, W,
WING SKIN WEIGHT, W3
FLAP WEIGHT, W,

TOTAL WING WEIGHT, Wy
WING AREA, Sy

WING SPAN, by

TIP CHORD, Cy

ROOT CHORD, Cgy

Figure A.4.2.2-1 Wing Design Variables
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A L R TR N R

P

—

‘ START ,

Y

INPUT /
Lws m

OUTPUT

t/

!

INPUT /
~y, Wy, LF

L WS Mm
A

ll
. IN /

 J

KOUNT = 1
KP=1

y

COMPUTE
Sy by
Cgr.Cy

Yy

COMPUTE
NO. OF WING
STATIONS, N

Yy

COMPUTE
ROOT AND TIP

\

\ OUTPUT
> AVI wll LF

T N

Figure A.4.2.2-2. Wing Analysis Logic

(Page 1 of 4)
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- W

LY eesv e T
e R SR, ST T

I S e

i
COMPUTE
Vi L Ciey
i=1,N
Y
COMPUTE
KOUNT = 2 o> W,
i=1N
1
COMPUTE '
P M !
i=1,N .
COMPUTE
WING WEIGHT KOUNT =2
DISTRIBUTION

?

COMPUTE

hair i
i=1,N

COMPUTE
'i, td, Mi
i=1,N

 J

Figure A.4.2.2-2. Wing Analysis Logic

(Page 2 of 4)
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: SET MINIMUM
. GAUGES FOR
teie twi
i=1,N
{ Y
|
: COMPUTE
: Wq. Wy
" W3, W4
i
'; L
Bl
| KP=KP+1 coccpure
! w
M
} A
i
|
i
1 SET
‘J W| = ww -
i
;
)
!
i COMPUTE
! g f1T dy | i
: i=1, N
1]
; i
Figure A.4.2.2-2, Wing Analysis Logic

(Page 3 of 4)
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OUTPUT
il viv wi
ke

i=1,N

OUTPUT
b1

OUTPUT
Wq.Wo W3

We Wiy

OuTPUT
S bw
Ch.Cr

sTOP

| Figure A.4.2.2-2, Wing Analysis Logic
(Page 4 of 4)
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A.4.3 AIRFOIL CHARACTERISTICS:

Selection of the airfoils was discussed in Section 4.3.4. The NACA 653-618 airfoil was
selected as the root section. The NACA 65-410 airfoil was selected as the tip section. This
appendix is included to present the detailed coordinate definitions of the airfoil shapes and
the aerodynamic characteristics of the airfoils. Figure A.4.3.-1 lists the airfoil shape coordi-
. nates for both airfoils. Figure A.4.3-2 shows the aerodynamic characteristics of the root

section and Figure A.4.3-3 shows the aerodynamic characteristics of the tip section. For the
root section, the siope of the lift coefficient curve, ao, is 6.60 per radian. For the tip section, acis
6.17 per radian. Although ao varies uniformly along the wing from the root to the tip, the root
section value was used in the divergence speed calculations because it yields a slightly
conservative value of the divergence speed. The data presented in this appendix were taken
from Theory of Wing Sections (Ref. 1, p. 434, 439, 614-615, 640-641).

NACA 654618 NACA 65-410
(STATIONS AND ORDINATES GIVEN IN {STATIONS AND ORDINATES GIVEN IN
PER CENT OF AIRFOIL CHORD) PER CENT OF AIRFOIL CHORD)
UPPER SURFACE LLOWER SURFACE UPPER SURFACE LOWER SURFACE
STATION |ORDINATE | STATION |ORDINATE STATION |ORDINATE | STATION {ORDINATE
0 0 0 0 0 0 0 0
0.172 1.446 0.828 - 1.146 0.372 0.861 0.628 - 0.661
0.385 1.776 1.115 - 1.356 0.607 1.061 0.893 - 0.781
0.839 2.293 1.661 - 1.651 1.089 1.372 1.411 —0.944
2.026 3.268 2.974 - 2.152 2.318 1.935 2.682 -1.19
4.462 4.776 5.538 - 2.880 4.797 2.800 5.203 - 1.536
6.936 5.971 8.064 -3427 7.289 3.487 7.1 ~1.791
9.431 6.978 10.569 - 3.876 9.788 4.067 10.212 -1.999
14.455 8.602 15.545 —4.564 14.798 5.006 15.202 -2314
19.506 9.848 20.494 - 5.072 19.817 5.731 20.183 - 2.547
24574 10.803 25.426 -5.433 24.843 6.290 25.167 . =2.710
29.652 11.504 30.348 -5.672 29.872 6.702 30.128 - 2814
34.738 11.972 35.262 —5.792 34.903 6.983 35.097 —2.863
39.826 12.210 40.174 - 5.784 39.936 7.138 40.064 —2.854 |
44.915 12.186 45.085 -5.616 44.968 7.153 45.032 -2.773
50.000 11.877 50.000 —5.2569 $0.000 7.018 50.000 - 2.606 I
55.077 11.293 54.923 - 4723 55.029 6.720 54.971 -2.340
60.141 10.479 59.859 ~4.053 60.053 6.288 69.947 - 2.004
65.189 9.482 64.811 - 3.302 65.073 5741 64.927 -1.621
70.219 8.338 69.781 - 2.506 70.085 5.099 69.915 - 1.211
75.230 7.075 74,770 -1.705 75.090 4.372 74910 -0.792
80.220 5.719 79.780 -0.943 80.088 3577 79.912 - 0.393
85.189 4.306 84.811 - 0.268 85.076 2.729 84.924 -0.037
90.138 2.863 89.862 0.239 90.057 1.842 89.943 0.226 ]
95.068 1.433 94.932 0.463 95.029 0.937 94.971 0.327
100.000 0 100.000 0 100.000 0 100.000 0
L.E. RADIUS: 1.96 L.E. RADIUS: 0.687
SLOPE OF RADIUS THROUGH L.E.: 0.253 SLOPE OF RADIUS THROUGH L.E.: 0.168 4

Figure A.4.3-1 Airfoil Shape Coordinates
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Figure A.4.3-3. Tip Section Characteristics
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APPENDIX A.6
ENGINES

A.6.1 RELIABILITY

In evaluating the probability of system failure where the systems are JP-4 engines,
dedicated nuclear engines, dual mode nuclear engines, or a combination of JP-4 and dedi-
cated nuclear engines, the assumptions are:

1) The probability of failure of the engine to deliver fuel P(1) is =< 0.1

2) Probability of engine failure due to some reason other than not getting the fuel
P(2) < 0.1

) B

3) Probability of the nuclear heat exchanger becoming inoperative for some reason
P(3) = 0.1

e
SRR e

These assumptions imply that the product of the probabilities is much smaller than the
sum. Thus, from Figure A.6.1-1, the probability of failure of a JP-4 engine is

Py = P(1) + P(2) - P(1)P(2)

o ol e .

" but P(1)P(2) = min [P(1), P(2)]

thus

j Pi = P(1) + P(2)

The figure presents the system in terms of increasing reliability so that the last one
{ presented, i.e., the combination of JP-4 and dedicated nuclear engines, offers the greatest
i reliability. In other words, this combination has the least probability of total system failure.

The validity of the assumption that P(1) and P(2) are less than 0.1 derives from the
relationship that the total engine failure probability is equal to P(1) + P(2). Data for the General
Electric CF6 engine (Sections 8.1.4.4 and Appendix A.8.1.2.2) give a total engine failure
probability of approximately 0.03; therefore, both P(1) and P(2) must be less than 0.1.

v e tacamw. -
.

The assumption that P(3) is less than 0.1 is based on a liquid metal heat exchanger failure
rate taken from a nuclear systems failure data handbook (Ref. 52, p. 211). That failure rate of
3.2 x 103 failure per hour was used with a negative exponentiai failure probability distribution
with time equal to mission time of 330 hours to yield a failure probability of 0.01. Since this
point calculation was one order of magnitude less than 0.1, the assumption that P(3) would be
less than 0.1 was felt to be reasonable.

| A.6-1
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1.

SYSTEM

JP-4 ENGINE:
| d
FUEL ENGINE,
DELIVERY OTHER
41)) P{2)

2. DEDICATED NUCLEAR ENGINE:
[ )|
HEAT ENGINE,
EXCHANGER OTHER
P(3) P(2)
3. DUAL MODE ENGINE:
==

HEAT FUEL ENGINE,
EXCHANGER DELIVERY OTHER

P(3) P(1) P(2)

4. COMBINATION OF JP-4

AND DECIATED NUCLEAR ENGINES:

PROBABILITY OF FAILURE

Py = P(1) +P(2)

Py = P(2) + P(3)
Py = P(2) + P(1) X P(3)
BuUT
P(1)XP(3) SMIN(P(1),P(3))
Pg = P(2) X P(1}+P(2)+P(3)
+P(1) X P(3)
BUT

P(2) X (P(1)+P(2)+P(3)1LP(2)

Figure A.6.1-1. Reliability of Engine System Concepts and Combinations
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A.6.2 DERIVATION OF OPTIMUM EQUATIONS FOR THE BRAYTON CYCLE

The net work obtained per Ib of working fluid is the difference between the work output of
the turbine and the work required by the compressor. Assuming constant specific heats:

(o] 0
Wn=M‘Wc=%"MHf4kV'ﬁj”w"ﬁﬂ

1 Cp Tty
Wn=cth37)t [1~x—t]—'—n;-—'lxc—1] (A.6.2-1)
where:
xt s (Ptalptd)
. T
Xe = (Py/Py) . Y

Assuming pressure losses are negligible, which implies that X, = X, = X, then the pressure

ratio corresponding to maximum net work may be found by differentiating Eq. A.6.2-1 with
respect to X (Ref. 77, p. 51).
aw,

Eths "t o Tty

= + A 3
dax X N 0
, e M Tt
X = '?_
t1

X=VZncm

where: Z =TTy,
1

therefore: rp = [Zngn) 2k (A.6.2-2)

An alternative method for obtaining the pressure ratio for max net work is discussed in

Reference 45, p. 194, where an ideal process is assumed and X, = X, = X. For an ideal
(isentropic process)

k _ k _
(Ptal Pu) TG Tta/ Tt4 (Ptz/ Ph) T th/Ttt
also
Pt, = Prand Py, = Py,
k< Tta_ Tts Tt
W=~ ——
4 X th

Substituting this into Eq. A.6.2-1

Tys T
tr ' ta e
T - il '11 - Tt? }
t2

Wn':cp{Tt:l_

A.6-3
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and assuming T, to be constant and differentiating W, with respect to Tt:’ i.e. compressor
outlet temperature:

dWp — Ty Tta

= — -1=0
d Tt2~ thz
which gives
th e\ Ttl TtJ (A-6.2'3)

Once thistemperature is determined, the ideal pressure ratio may be found from the isentropic
relationships presented on the previous page.

Besides optimizing a cycle for net work, a cycle can be optimized for maximum thermal
efficiency, as shown by Dusinberre (Ref. 45, p. 31) and Hosney (Ref.77, p. 42). Starting with Eq.
A.6.2-1 and noting that the thermal efficiency of a cycle is given by

1' E emwe—
th q

Then for constant specific heats:

W(T13[1‘l] ‘—[X—H

Mth = i
Th-Th[%‘—H ]
Rearranging terms:

n,z(1——)——x-1)
Mh = _(A.6.2-4)
t Z—[X—_—+1]

Ne

To find ontimum pressure ratio corresponding to maximum efhciency. differentiate with
respect to X and set equal to 0. 5

gdv_,gu
dmn _ Yax“Y9xX _,
dX v2

where:
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and

(z-2010) (B -0) - {lv»,z-'i'——;ji-+7‘1(-nic)}=o

®a aE %2 ot O
X2 e X i X mg X2 /?4;
@

_{_":': +—+%4

multioly through by X? 5, to obtain

-
@

Ne ML - MmIX - Z+mZ-ZX2+ X2+ ZX2-mZX=0
collecting terms
Lo -NZ+1]) X2-2nZX+[(1-n )y +nemZ]1Z2=0

solving the quadratic for the pressure ratio which is defined by

rp =1 k
thus:
; 1
b-vb2-4ac k
A.6.2-5
p pmax [ 28 ] ( )
where:

a=(q-12+1

c=[(1_nc)"t+nc"tz]z

A.6.3 METHODOLOGYUSED IN INDIRECT CYCLE HEAT EXCHANGER ENGINE ANALYSIS

Program CARPET, written by Capt. R. E. With<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>